Technogenic Raw Materials in High-Alumina Chamotte Production by Pavlova, I. A. et al.
IOP Conference Series: Materials Science and Engineering
PAPER • OPEN ACCESS
Technogenic Raw Materials in High-Alumina Chamotte Production
To cite this article: I A Pavlova et al 2020 IOP Conf. Ser.: Mater. Sci. Eng. 969 012031
 
View the article online for updates and enhancements.
This content was downloaded from IP address 212.193.94.28 on 23/07/2021 at 09:31
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd
RusMetalCon 2020










Technogenic Raw Materials in High-Alumina Chamotte 
Production 
I A Pavlova, A A Getman and E P Farafontova 
Institute of new materials and technologies, Ural Federal University named after 
the First President of Russia B. N. Yeltsin, 19, Mira Str., Ekaterinburg 620002, 
Russia 
E-mail: i.a.pavlova@urfu.ru 
Abstract. The paper presents studies on the production of a high-alumina aggregate with an 
Al2O3 content of 75% based on fine-grained corundum dust generated by grinding fused 
corundum. Finely dispersed corundum powder is a by-product and due to the low Al2O3 
content (93–95%) is not used in further production. It is proposed to obtain high-alumina 
aggregate without joint grinding of the components. Aggregate was obtained by pressing 
through a “false grain” from a mixture of kaolin and corundum dust in a certain ratio. The 
samples firing was carried out at a temperature of 1700°C. The phase composition of the 
obtained aggregate is represented by 46–51% corundum, 45–49% mullite. The water 
absorption of such chamotte is 14–16%, open porosity is 33–35%, apparent density is 2230–
2290 kg·m-3. Now, it was not possible to obtain a high-density filler grade ZML and ZMK 
that meets the requirements of GOST 23037–78. The production flow chart of high-alumina 
chamotte based on kaolin and corundum dust should include a joint fine grinding of the 
components, or a separate grinding of corundum dust until it passes completely through the 
0.063 mm mesh. 
1.  Introduction 
A promising direction in the development of the production of aluminosilicate refractories is the 
production of materials with increased operational characteristics [1]. Despite the very wide spread 
of chamotte in metallurgy, its use is being reduced. It is replaced by new refractory materials with 
higher service properties, the use of which is due to the continuous intensification of the thermal 
service of furnaces [2–7]. The growth of their application is limited by a relatively high cost. 
Aluminosilicate materials have aluminum and silicon oxides as the refractory base. The 
structure, properties and application field of these materials depend on the content of Al2O3 and 
SiO2. On this basis, they are divided into semi-acidic (15–30% Al2O3), chamotte (30–46% Al2O3) 
and high-alumina (over 46% Al2O3). In turn, high-alumina refractories are divided into mullite-
siliceous (45–62% Al2O3), mullite (62–72% Al2O3), mullite-corundum (72–90% Al2O3) and 
corundum refractories (over 90% Al2O3) [8–10]. 
Mullite refractories include materials with 62–72% Al2O3 content. The phase composition of 
mullite refractories is mainly represented by mullite, also corundum and glass phase (6–12 wt.%). 
Mullite refractories are usually obtained in two stages: first, mullite synthesis, and then producing 
products from it. As starting materials for the mullite synthesis, mainly technical alumina, pure 
refractory clays, kaolins and quartz are used [11–13]. To transfer the silica formed during the 
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silicates firing into the mullite, technical alumina is introduced in the mass composition. Mullite 
formed during the interaction of silica with technical alumina is called secondary. Production 
technology in most cases is determined by the properties of raw materials. The main troubles in the 
production of high-alumina products are associated with a large shrinkage of technical alumina 
during firing as a result of the conversion of γ-alumina to α-alumina, with low sintering ability of 
α-alumina and with the difficulty of obtaining a specified structure. To reduce shrinkage during the 
firing of products, a chamotte flow chart is used, i.e. part of the material is preliminarily fired on 
chamotte. The main difference between high-alumina refractory technology and multi-chamotte 
technology is the production of high-alumina aggregate, which is prepared in various ways. Upon 
receipt of the briquette from technical alumina and refractory clay, alumina is preliminary ground 
to a particle size of 3–5 μm. Briquettes are prepared by plastic or semi-dry molding and fired at 
1700°C. Chamotte with water absorption of 1–2% is obtained by firing the briquette in a rotary kiln. 
Then a granular product is prepared by crushing, coarse grinding and fine grinding.  
When fused alumina is crushed, dust is formed [14]. It is captured by electrostatic precipitators 
and stored in the enterprise [15]. This by-product is substandard material to produce corundum 
refractories, as there is an insufficient content of Al2O3 (93–95%). In addition, electrocorundum is 
used as an abrasive material [16–17]. 
To produce chamotte refractories, kaolins with a content of 30–39% Al2O3 are used. Due to the 
supplanting of chamotte refractories by high-alumina refractory materials, it is important to produce 
materials in demand with high content of Al2O3 based on kaolins. Thus, the aim of this project is to 
develop a technology for the production of high-alumina chamotte based on enriched kaolin and 
corundum dust generated during crushing of electrocorundum. 
2.  Experimental procedure 
Phase composition was determined by an X-ray phase method in a Miniflex 600 (Cu Kα-radiation, 
λ = 1.541862 Å, recording interval 3.00 – 90.00 deg, scanning step 0.02 deg), Rigaku, Carl Zeiss, 
Japan, with MiniFlex Guidance and PDXL Basic data treatment package program control and data 
collection. Identification of diffraction maxima was carried out using a JSPDS data bank. The 
chemical composition of quartz sand was determined by emission spectral analysis with inductively 
coupled plasma in an Optima 4300 DV (Perkin Elmer, USA) optical emission spectrometer.  
The water absorption, open and total porosity and apparent density were determined in 
accordance with [18]. The grain size composition of finely milled powders was determined by 
sedimentation analysis in a SLAD 2201 (Shimadzu Corp.) particle laser diffraction analyzer 
according to [19]. Sieve analysis was carried out in accordance with [20]. The plasticity number of 
clay raw materials was determined according to [21]. The real density of the materials was 
determined by the pycnometric method according to [22]. The specific surface of the materials was 
determined according to [23].  
3.  Results and discussion 
To solve the problem of obtaining high alumina material in this project, the introduction of finely 
dispersed corundum dust in the process of enrichment of kaolins without joint grinding of raw 
materials is considered. Thus, the modernization of the existing production of chamotte will consist 
in the installation of a thermal unit providing a firing temperature of chamotte 1700°C. 
Enriched kaolin of Kyshtymskoye deposit and finely dispersed corundum dust were used as raw 
materials. The chemical composition is presented in Table 1. Kaolin is the basic raw material. The 
mineral composition of kaolin is as follows: muscovite (up to 5 wt.%), quartz (up to 2 wt.%), 
kaolinite (95–98 wt.%). The content of Al2O3 in corundum dust is 93–95 wt.%. According to the 
XRD analysis corundum content is 90%. As impurities, thialyte and rutile are present in an 
insignificant amount, 1.2 and 0.16 wt.% respectively. According to the results of chemical and X-
ray phase analysis, it is possible to determine the content of the glass phase in corundum dust, it is 
about 10%. 
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Table 1. The chemical composition of materials. 
Material SiO2 Al2O3 CaO Fe2O3 MgO R2O TiO2 LOI 





0.05-0.3 93.0-95.0 0.2-0.24 0.13-0.5 0.44-0.62 0.3-0.55 2.2-5.0 – 
The particle size distribution of kaolin is shown in Figure 1. Particles with a size of less than 2 μm 
in kaolin is 8–15%. Particles smaller than 63 μm in size more than 95%. Particles 2–55 μm in size are 
distributed almost uniformly and make up about 85%. 
 
Figure 1. The dispersed composition of kaolin. 
The granulometric composition of Kyshtymskoe kaolin, determined in accordance with [21], is given 
in Table 2. According to the particle content of less than 1 μm (43.2%), kaolin in accordance with [24] 
is a medium dispersed raw material.  
Table 2. The granulometric composition of Kyshtymskoe kaolin. 
Particle size (mm) > 0.06 0.06–0.01 0.01–0.005 0.005–0.001 < 0.001 
Fraction content (%) 3.6 16.9 17.5 31.7 30.3 
The specific surface area of kaolin in the delivery state is 16035 cm2·g-1, real density is 2.65 g·cm-3. The 
plasticity number of kaolin is 9.1, kaolin in accordance with [24] refers to moderately soft raw materials. 
The particle size distribution of finely dispersed corundum is presented in Table 3. The main fractions 
of the powder are particles 0.16–0.063 mm in size and less than 0.063 mm. 
Table 3. The distribution of fine fractions in corundum. 
Particle size (mm) > 0.5 0.5–0.16 0.16–0.063 < 0.063 
Fraction content (%) 3.07 4.52 51.45 40.96 
The composition of the mixture to obtain high-alumina chamotte was calculated in view of 75% 
Al2O3 content in chamotte. Plastic cakes of kaolin with a moisture content of 20–25%, obtained after 
the filter press, were carefully mixed with corundum dust. The plastic mass was dried at 105°C. It was 
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ground to a grain size of less than 3 mm. To reduce dust during the chamotte firing, the briquette must 
have a transport strength of at least 4 MPa. To determine the briquette forming parameters (humidity 
and pressing pressure) in order to obtain a solid raw briquette, the obtained powder was moistened with 
a technical lignosulfonate solution of density 1.05 g·cm-3 to a moisture content of 5, 7, 9%. Then, 
cylinder samples of 20×20 mm size were molded at a specific pressure of 5, 10, 15, 20, 25 MPa. After 
drying at a temperature of 105°C, the compressive strength was determined. Figure 2 shows the 
dependences of the briquette strength on humidity and pressing pressure. 
 
Figure 2. Dependence of compressive strength of unfired briquette on specific pressing pressure and 
relative humidity. 
Strength of 4 MPa is possessed by samples formed at a moisture content of 9% at a pressure of 5 to 
25 MPa [26–27]. Samples formed at lower humidity at a compression pressure of 5 MPa will not be 
strong enough and will crumble during firing, increasing dust extraction. At a pressing pressure from 10 
to 25 MPa with molding humidity of 5, 7, 9%, briquettes with a strength of more than 4 MPa were 
obtained. The most favorable conditions for briquette molding are the lowest humidity and pressing 
pressure. Redundant moisture causes the formation of increased porosity after firing. The use of high 
values of molding pressure suggests the presence of expensive equipment, and the use of low ones - 
insufficient contact between the particles of corundum and kaolin. Thus, samples formed at a humidity 
of 5 and 7% at a molding pressure of 10 MPa were fired at a temperature of 1700°C. The water 
absorption, porosity, apparent density, and strength of fired samples were determined. The results are 
presented in Table 4. 













5 1.0 15.6 ± 0.7 34.8 ± 1.4 2230 ± 30 30.5 ± 5  
7 1.1 14.5 ± 0.8 33.2 ± 1.3 2290 ± 50 39.3 ± 6  
Complete shrinkage is 1% at molding humidity of 5%. With an increase in molding humidity to 7%, 
it leads to an increase in shrinkage of 1.1%. Water absorption and porosity of samples molded at a 
humidity of 7% is less than that of samples molded at a humidity of 5%. This effect can be explained 
by the fact that a more moistened mass provides better molding conditions and a denser contact between 
the particles of kaolin and corundum. In addition, the density and strength of samples molded at 7% are 
greater than those molded at 5%. 
The XRD results are shown in Figure 3. The following phases were found in the samples of high-
alumina chamotte are corundum, mullite, thialite, rutile, quartz. The presence of quartz can be explained 
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by rubbing it in the process of sample preparation on the XRD. Samples were ground in an agate mortar. 
The high hardness of corundum causes grinding of quartz from a mortar and pestle. The absence of 
cristobalite indicates its complete interaction with corundum with the formation of secondary mullite. 
 
Figure 3. XRD results of high-alumina chamotte.  
The results of X-ray phase analysis are presented in Table 5. 
Table 5. Phase composition of high-alumina chamotte. 
Molding humidity, % 
Corundum Mullite Thialite Rutile 
5 46 49 3 2 
7 51 45 3 1 
The results of a semi-quantitative analysis according to the results of XRD are within the error of the 
method. The composition of high-alumina chamotte is as follows: 46–51% corundum, 45–49% mullite, 
rutile ~ 1%, thialite ~ 3%. 
4.  Conclusion 
As a result of the research, samples of high-alumina aggregate with an Al2O3 content of 75% were 
obtained on the basis of finely dispersed corundum dust generated by grinding fused corundum. The 
phase composition of chamotte is represented by 46–51% corundum, 45–49% mullite. The water 
absorption of such chamotte is 14–16%, open porosity 33–35%, apparent density 2230–2290 kg·m-3. In 
accordance with [25], aluminosilicate aggregates of the ZML and ZMK brands should have a water 
absorption of not more than 3%. Thus, as a result of the studies, a high-density aggregate of the ZML 
and ZMK brands was not obtained in accordance with [25]. Further research should be aimed at reducing 
water absorption, for example, by using a joint grinding of kaolin and corundum, or by replacing kaolin 
with refractory clay. The flow chart for the production of high-alumina chamotte should include joint 
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fine grinding of corundum dust with a plastic component, or separate grinding of corundum dust until it 
passes completely through a 0.063 mm mesh, followed by mixing with a plastic component. 
References 
[1] Pivinskii Yu E and Dyakin P V 2011 Refractories and Industrial Ceramics 52 264–271 
[2] Andrews A, Adam J and Gawu K Y 2013 Ceram. Int. 39 779–783 
[3] Weinberg A V, Varona C and Chaucherie X 2018 Refractories WorldForum 10 57–62 
[4] Zubashchenko R V 2011 Refractories and Industrial Ceramics 52 143–145 
[5] Shun Yao, Shengli Wu and Heng Zhou 2019 Ironmaking & Steelmaking 47 1–8 
[6] Chudíková D, Hirjak R and Mišaneková V 2018 Interceram 67 50–57 
[7] Primachenko V V, Martynenko V V and Ustichenko V A 2007 Refractories and Industrial 
Ceramics 48 421–424 
[8] Sengupta P 2020 Refractories for the Cement Industry (Switzerland: Springer Nature) p 37  
[9] Biswas S and Sarkar D 2020 Introduction to Refractories for Iron- and Steelmaking (Switzerland: 
Springer Nature) p 30  
[10] Soltan A M, Pöllmann H and Kaden R 2015 J. Eur. Ceram. Soc. 8 18–38 
[11] Skurikhin V V and Ermakov I N 2004 Glass and Ceramics 61 346–351 
[12] Prutskov D V, Troyan V D and Malyshev I P 2000 Refractories and Industrial Ceramics 41 56–59 
[13] Sharapova V V 2014 Refractories and Industrial Ceramics 55 45–48 
[14] Lang K, Tvrdík L and Kovář P 2019 Refractories Manual 68 40–45 
[15] Tukhareli V D, Pushkarskaya O Y and Tukhareli A V 2018 Solid State Phenomena 284 1030–1035 
[16] Shumyacher V M, Danilova E S and Pushkarev I O 2011 Russian Engineering Research 31 901–902 
[17] Mikhailov G G, Morozova A G and Bamburov V G 2018 Materials Science Forum 946 192–198 
[18] GOST 2409–2014 Refractories. Method for determination of bulk density, apparent and true 
porosity, water absorption 
[19] GOST 8.777–2011 State system for providing measurement unification. Dispersed composition 
of aerosols and suspensions. Determination of particle size by diffraction laser radiation 
[20] GOST 27707–2007 Unshaped refractories. Methods for determination of grain composition 
[21] GOST 21216–2014 Clay raw materials. Test methods 
[22] GOST R 56300–2014 Refractories and refractory raw materials. Methods of true density 
determination 
[23] GOST 21043–87 Iron ores and concentrates. Method for determination of external specific 
surface 
[24] GOST 9169–75 Clayish materials for ceramic industry. Classification 
[25] GOST 23037–78 Unmoulded refractories. Aggregates for concrete articles, masses, mixtures, 
coatings and mortars. Specifications 
[26] Kashcheev I D and Pavlova I A 2006 Glass and Ceramics 63 86–88 
[27] Kashcheev I D, Glyzina A É and Finkel’shtein A B 2019 Refractories and Industrial Ceramics 
60 362–364 
 
